QSAR analysis of thiosemicarbazone derivatives exposing RNR inhibitory activities [1] was performed for 21 compounds. Among these compounds, 13 of them were reported with inhibitory concentration (IC 50 ) in the l M range. The inhibitory concentration of those compounds was converted into -logIC 50 before being correlated with the structural features. The quantum chemical calculations have been carried out at the B3LYP at Complete Basis set (CBS) level of theory using Gaussian-09 series of program package. The density functional theory (DFT), Becke's three parameter exchange function along with the Lee-Yang-Parr correlation function (B3LYP) were considered to calculate the quantum chemical descriptors such as HOMO, LUMO, Energy gap, Hardness, Softness, Chemical potential and Dipole moment of the investigated molecules. The variables make a unique statistically significant contribution (p < 0.05). According to their beta values, electronegativity showed the biggest beta coefficient (-13.225). It has been revealed that variable has a unique contribution to a stronger explanation of dependent variables. Beta values for the electrofugality was slightly lower (8.350) , showing least contribution for rest of the elements. Other variables (Energy gap, chemical potential, nucleofugality) measured for this model was statistically significant.
INTRODUCTION
Thiosemicarbazones can be obtained by the condensation of an aldehyde, or ketones with thiosemicarbazide.
The compounds are considerably important because of their chemical properties as well as potentially beneficial for biological activities [2] [3] [4] . According to the International Union of Pure and Applied Chemistry (IUPAC) nomenclature [5] , these compounds, named so by adding the class name "thiosemicarbazone" after the name of the condensed aldehyde or ketone. In the same way, bis (thiosemicarbazones) are derived from dicarbonyl compounds and two thiosemicarbazide moieties.
Thiosemicarbazones are efficient on specific biological mechanisms because of their chelating ability towards trace metal ions. After the chemotherapeutic effective platin complexes of thiosemicarbazide derivatives were synthesized [6] , these chemicals have raised considerable interest due to their pharmacological properties. In addition to the antitumor effect of transition metal complexes of thiosemicarbazones [7] [8] [9] , it is well known that the compounds have antiviral as well asanti-HIV properties [8, [10] [11] [12] [13] . Numerous thiosemicarbazones, especially their Cu (II) [14] complexes, have been studied substantially for their antibacterial and antifungal properties [15] [16] [17] . Furthermore, it is worthwhile to mentioned that the thiosemicarbazones have anticonvulsant [18] , anti-malarial [13] , antiamoebic [19, 20] and antioxidant properties [21] with other biological activities.
Ribonucleotide reductase, also known as ribonucleoside diphosphate reductase (RNR, E.C. 1.17.4.1), catalysis the reduction of ribonucleotides to their corresponding deoxyribonucleotides, which are the building blocks for DNA in almost all the living cells [20] . Furthermore, RNR plays a significant role in regulating the total rate of DNA synthesis, so that DNA to cell mass could be maintained at a constant ratio during cell division and DNA repairing [22] . Ribonucleotide reductase (RNR) catalysis the de-novo synthesis of dNTPs. Catalysis of ribonucleoside 5'-diphosphates (NDPs) involves a reduction at the 2'-carbon of ribose 5-phosphate to form the 2'-deoxy derivative-reduced 2'-deoxyribonucleoside 5'diphosphates (dNDPs). This reduction is initiated with the generation of a free radical. Following a single reduction, RNR requires electrons donated from the dithiol groups of the protein thioredoxin. Regeneration of thioredoxin occured when nicotinamide adenine dinucleotide phosphate (NADPH) provides two hydrogen atoms that are used to reduce the disulfide groups of thioredoxin.
Ribonucleotide reductases have been grouped into three classes based on their primary radical. Class I ribonucleotide reductase, reported in eukaryotes, prokaryotes, and viruses is a 1:1 protein complex. Class II ribonucleotide reductase exists mainly in bacteria, contains a transient 5′-deoxyadenosyl radical. Class III ribonucleotide reductase harbors a stable glycyl radical in anaerobic bacteria [9] . In this study, QSAR analysis on thiosemicarbazone derivatives was carried out to reveal RNR inhibitory activities.
A series of thiosemicarbazone derivatives was considered to perform the QSAR. Among 21 compounds, 13 compounds were reported with inhibitory concentration (IC 50 ) in the l M range. The inhibitory concentration of those compounds were converted into -logIC 50 before being correlated with the structural features.
Quantitative structure-activity relationship (QSAR) is a method for building statistically ... relationships between the molecular structure and biological activities [23] [24] [25] [26] [27] . The objective of QSAR is to explore new molecules with required properties by using chemical intuition and changed into a mathematically quantified and computerized form. Formerly, a correlation is recognized and the structure of any number of compounds with preferred properties can be predicted. Therefore, QSAR methodology saves resources and accelerates the process of development of new molecules and drugs [28] . Success of QSAR for development of new drug molecules and prediction of toxicity of molecules is highly significant [23] [24] [25] [26] [27] . Quantum chemical descriptors have been extensively used in QSAR studies in biochemistry. Recently the use of quantum chemical descriptors for the development of QSAR, have received attention due to reliability and versatility of prediction by these descriptors. In particular, net atomic charges, HOMO-LUMO energies, frontier orbital electron densities and superdelocalizabilities have been used to correlate with various biological activities [27] .
METHODOLOGY
These calculations have been carried out at the B3LYP CBS level of theory by using Gaussian-09 series of program package [29] . The calculations were based on 6-311G (d,p) basis set. The method has been widely implemented to study the relationship between inhibitory activation efficiency of the molecules and their electronic properties [30] . In order to set up correlation between experimental activity, structural and electronic characteristics of the investigated inhibitors, geometry of the molecules were optimized by the density functional theory (DFT) [31] , the Becke's three parameter exchange function [32] along with the Lee Yang Parr correlation function (B3LYP) [33] . To examine the relationships between quantum chemical parameters obtained with the DFT calculations for thiosemicarbazone derivatives and the enzymatic activity, SPSS statistical software has been used.
RESULTS AND DISCUSSION
The studied molecules and their activity has been given in Table 1 [33, 34] , andclassified into seven groups for further comparisons and discussion. These groups were:
Group 1 was red colored, include inactive molecules (1,2,5-10).
Group 2 was black coloured, contain one molecule (3) without any functional group.
Group 3 was green coloured, include molecules (4, 11, 12) which contains Cl atom in positions 2,3 and 4.
Group 4 was violet coloured, include molecules (13-15) which contain methyl group.
Group 5 was dark green, include molecule (16) which contain methoxy group.
Group 6 was brown coloured, include molecules (17, 18) which contain nitro group.
Group 7 was blue coloured, include molecules (19, 20, 21) which contains hydroxyl group.
The degree of activity of the molecules could be differentiated through groups; each group have its own activity; related to its composition; for example, when R is hydroxy group (OH) in the position 4, the molecules were active as in the molecules (3, 4, (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) , but when the hydroxy group was in position 2, the molecules were inactive as in the compounds (1 and 2). Additionally, the presence of other group like methoxy group (OCH 3 ), or hydroxyl group (OH) in the position 4 as in the molecules (5 and 6), that were inactive, a similar kind of positional activity for molecule (7 and 8) and (9 and 10), contains furyl and thiophenyl respectively, the R1 group type and its position indicates the amount of activity. Tables 2 and 3 delineates the calculated parameters of the 21 thiosemicarazone derivative molecules using B3LYP/6-311g (d,p) method. Figs. (1, 2-a, 2-b and 3) , that the molecules with smaller E HOMO -E LUMO energy gap lead to lower kinetic stability and higher chemical reactivity [1] . Therefore, molecules with the highest reactivity, also have most inhibitory activities for molecule 17.
Nucleofugality is defined as the propensity of an atom or group of them to depart bearing the bonding electron pair in a heterolytic cleavage process [8, 37, 38] , the highest nucleofugality of 21 molecules as demonstrated in Table 3 respectively. According to these results, the molecules that have more inhibitory activity of the RNR enzyme of the above-mentioned group of molecules were as stated above. Statistical analyses for studied molecules showed that Nucleofugality has a significant correlation with the activity.
Statistical Analysis
To find out the amount of total variance spelled out by the variables of interest (HOMO, LUMO, Energy gap, hardness, softness, electronegativity, chemical potential, electrophilicity, nucleofugality, electrofugality), Rsquare values should be considered. The output has been displayed in Table 4 in the summary Fig. 2-a. HOMO & LUMO molecules 1-12 at B3LYP/6-311G(d,p) The beta values revealed a unique contribution of some variables included in the equation, some of the other variables were eliminated merely because those variables had no statistically significant effect on activity.
In different equations, with a diverse set of independent variables or with a different sample, these values would change subsequently. Therefore, the use of beta values by observing the beta column to find the highest beta value (excluding any negative signs) was conducted.
There are variables which make a statistical contribution of unique significance (<0.05). In order of importance, the most significant beta coefficient was reported for electronegativity (beta= -13.225) in reference to the beta values of other factors. This means that the electronegativity variable has a unique contribution as it indicates a stronger explanation of dependent variables. The beta values for electrofugalitywas slightly lower (8.350 ). The least contribution was indicated to the rest of the elements. In addition, other variables measured (Energy gap, chemical potential, nucleofugality) in the model were statistically significant.
The prediction of a variable can be reported by its significant contribution when the value is less than 0.05. The results were more than 0.05 as delineated in the significance column of the coefficient table, suggesting that the interpretation of the prediction could be difficult. Coefficients table is: yi= β 0 + β 1 x i1 + β 2 x i2 + …..+ β n x in i= 1,2,3….m Activity = 216.535 + 20.313 enargy gap -62.061 electronegativity -.731 electrophilicity +1.186 nucleofugality +2.341 electrofugality.
The equation from the
Finally, the following variables: HOMO, LUMO, hardness, and softness were excluded in the regression equation because the studied variables did not show a derivation effect.
SUMMARY AND CONCLUSION
The present study aimed to examine the descriptors of 21 molecules that may inhibit the activity of RNR. The study revealed that there is a significant relationship between the activity inhibition of the enzyme and the studied descriptors. The results of calculated energy gap and the interpretation of Figs. 1, 2 and 3, demonstrate that the molecules with smaller E HOMO -E LUMO energy gap lead to lower kinetic stability and higher chemical reactivity [1]. Therefore, the molecules with the highest reactivity illustrate that the molecule 17 has most inhibitory activity. The most significant descriptors for the linear part were Energy gap, chemical potential, nucleofugality. Most significant beta coefficient goes for electronegativity (beta = -13.225) the study also revealed that electronegativity variable has a unique contribution as it indicates a stronger explanation of dependent variables.
